Introduction
Copolymers have gained considerable importance both in scientific research and in industrial applications.
A consistent and clearly-defined system for naming these polymers would, therefore, be of great utility. The nomenclature proposals presented here are intended to serve this purpose by setting forth a system for designating the types of monomeric-unit sequence arrangements in copolymer molecules.
In principle, a comprehensive structure-based system of naming copolymers would be desirable. However, such a system presupposes a knowledge of the structural identity of all the constitutional units as well as their sequential arrangements within the polymer molecules; this information is rarely available for the synthetic polymers encountered in practice. For this reason, the proposals presented in this Report embody an essentially source-based nomenclature system. Application of this system should not discourage the use of structure-based nomenclature whenever the copolymer structure is fully known and is amenable to treatment by the rules for single-strand polymers (Ref. 1 & 2) . Further, an attempt has been made to maintain consistency, as far as possible, with the abbreviated nomenclature of synthetic polypeptides published by the IUPAC-IUB Commission on Biochemical Nomenclature (Ref. 3) . It is intended that the present nomenclature system supersede the previous recommendations published in 1952 (Ref. 4) .
Basic concept
The nomenclature system presented here is designed for copolymers.
By definition, copolymers are polymers that are derived from more than one species of monomer (Ref. 5) .
Various classes of copolymers are discussed, which are based on the characteristic sequence arrangements of the monomeric units within the copolymer molecules. Generally, the names of monomers are used to specify monomeric units; the latter can be named using the trivial, semi-systematic, or systematic form. The nomenclature system presented here can, however, also be applied to such pseudo-copolymers. Polymers having monomeric units differing in constitutional features, but derived from a homopolymer by chemical modification, can be named in the same way, e.g.,:
(c) partially hydrolysed poly(vinyl acetate) containing both ester and alcohol units.
A closely-related alternative system of nomenclature, which may be preferred in some circumstances, is described in the Appendix.
Classification and definition of copolymers A systematic source-based nomenclature for copolymers must identify the constituent monomers and provide a description of the sequence arrangement of the different types of monomeric units present.
According to the present proposals, these objectives are achieved by citing the names of the constituent monomers after the prefix "poly", and by placing between the names of each pair of monomers an italicized connective to denote the kind of arrangement by which those two types of monomeric units are related in the structure.
Seven types of sequence arrangement are listed below, together with the corresponding connectives and examples, in which A, B, and C represent the names of monomers. [The citation of A, B, and C is not intended to reflect an order of seniority, unless such seniority is specified in the rules. As a result, more than one name is often Each of these types of copolymer is considered in more detail below. When the chemical nature of the end groups is to be specified, the name of the copolymer (as described above) is preceded by the systematic names of the terminal units.
The prefix a or refers to the terminal unit attached to the left or right, respectively, of the structure, as written. Example:
a-x--Y-poly(A-co-B)
1. Copolymers with an unspecified arrangement of monomeric units Example:
An unspecified copolymer of styrene and methyl methacrylate is named poly[styrene-co-(methyl methacrylate)]
2. Statistical copolymers Statistical copolymers are copolymers in which the sequential distribution of the monomeric units obeys known statistical laws; e.g., the monomer sequence distribution may follow Markovian statistics of zeroth (Bernoullian), first, second, or a higher order. Kinetically, the elementary processes leading to the formation of a statistical sequence of monomeric units do not necessarily proceed with equal a priori probability.
These processes can lead to various types of sequence distribution comprising those in which the arrangement of monomeric units tends toward alternation, tends towards clustering of like units, or exhibits no ordering tendency at all (Ref. 6) .
In simple binary copolymerization, the nature of this sequence distribution can be indicated by the numerical value of a function either of the reactivity ratios or of the related run number (Ref. 6, 7) .
The term statistical copolymer is proposed here to embrace a large proportion of those copolymers that are prepared by simultaneous polymerization of two or more monomers in admixture. Such copolymers are often described in the literature as "random copolymers", but this is almost always an improper use of the term random and the practice should be abandoned. Examples: poly( styrene-stat-butadiene)
poly(styrene-stat-acrylonitrile-stat-butadiene)
Random copolymers. A random copolymer is a special case of a statistical copolymer.
It is a statistical copolymer in which the probability of finding a given monomeric unit at any given site in the chain is independent of the nature of the neighbouring units at that position (Bernoullian distribution). In other words, for such a copolymer, the probability of finding a sequence ...ABC... of monomeric units A, B, C..., i.e., In a block copolymer, the distinguishing feature is constitutional, i.e., each of the blocks comprises units derived from a characteristic species of monomer.
In the sequence arrangements -AAAA.AAAA-BBBBBBBBBBB--AAAAAAAA-BBBBBBBBBBB-AAAA.AkAA--AABABAAABB-AAAAAAAA-BBBBBBBBBBBthe sequences -AAAAAAAA-, -BBBBBBBBBBB-, and -AABABAAABB-are blocks. If no ambiguity arises, a long dash may be used to designate block connections, as follows:
polyA-polyB.
For complex cases, use of -block-rather than the long dash is always encouraged.
The order of citation of the block names corresponds to the order of succession of the blocks in the chain as written from left to right.
Examples:
In the following examples, the subscripts k, m, ... may be indeterminate or specific (see Rule 5.3).
In each case, the first line gives a representation of the block sequence arrangement, the second the corresponding name, and the third an illustration of a specific case. When it is possible to specify the chain length of a block, the appropriate Greek prefix (e.g., hecta for 100) may be used rather than poly. Although short sequence lengths are not strictly embraced within the definition of "block", the same device may usefully be employed by using the general prefix "oligo" or the appropriate specific prefix (e.g., tn).
A -block-B where c is a small integer corresponding to the degree of polymerization of the oligomeric sequence. Rule5.4 Those block copolymers, derived from more than two monomers, that also exhibit statistical block sequence arrangements are named according to the principles of Rule 2.1.
Example:
The statistical sequence arrangement
poly(polyA-stat-polyB-stat-polyC) Rule 5.5 In the name of block copolymers with blocks connected by way of junction units, X, that are not part of the blocks, the name of the junction unit is inserted in the appropriate place. The connective, -block-, may be omitted. Thus, In a graft copolymer the distinguishing feature of the side chains is constitutional, i.e., the side chains comprise units derived from at least one species of monomer different from those which supply the units of the main chain. 
Examples:
Each of the following examples presents in order, a representation of the graft sequence arrangement, the corresponding name, and an illustration of a specific case. If more than one type of graft chain is attached to the backbone, semicolons are used to separate the names of the grafts or their symbolic representations.
Example:
A._graft_(B;Cfl)
polyA-graft-(polyB ;polyC)
polybutadiene-graft-E polystyrene ;poly(methyl methacrylate)] (polystyrene and poly(methyl methacrylate) chains grafted to a polybutadiene backbone) Rule 6.3 Graft copolymers with known numbers of graft chains are named using numeric prefixes (mono, bis, tris, etc.).
A.(_graft_B)3
polyA-tris(-graft-polyB) polybutadiene-tris(-graft-polystyrene) (three polystyrene grafts per polybutadiene backbone)
If the precise site of grafting is known, it can be specified. The system of naming graft copolymers is also applicable, in principle, to "star 
